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The mvention 1n particular relates to an oven (1) for baking
food products (3). In order to improve automated heating
procedures, the oven (1) comprises a camera (7) and a dis-
tance sensor (8), for example, which are used 1n concert to
enable precise extraction of product-features that are relevant
and used with automated heating procedures.
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Fig. 6
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Fig. 7
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OVEN AND METHOD OF OPERATING THE
SAME

The present invention relates to an oven and to a method of
operating the same.

BACKGROUND OF THE INVENTION

Operating state of the art baking ovens usually requires a
user to select temperature and duration, and more or less
continuously to observe the time course of a baking process.

In order to ease the operation of ovens, methods have been
developed for more or less automating baking processes.
Such methods for example provide automatic temperature
control based on surface or core temperature values measured
by temperature sensors during the baking process. Other
known methods numerically approximate actual tempera-
tures during the baking process, based on the applied tem-
perature and the heat equation, for example.

In the field of baking ovens, and more particularly in the
field of microwave ovens, it 1s known to use ultrasonic or
infrared distance sensors, or photo sensors to determine a
position, shape or status of the product, e. g. frozen, chilled or
thawn. Position, shape and status are used for controlling the
process ol heating the product.

Other methods use cameras for taking pictures of the prod-
uct and for approximating the shape, volume or size of the
product 1n order to improve automation of the heating pro-
CEeSS.

The known methods and related ovens are far from provid-
ing possibilities of fully automated heating, and often require
user interaction. In the technical field of ovens, it 1s theretore
desirable to provide enhanced and user friendly possibilities
for automated operation of ovens.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the invention to provide an oven
suitable for more accurately conducting a heating process 1n
an automated manner. It 1s a further object to provide a
method of more accurately operating an oven 1n an automated
mannet.

This object 1s achieved by an oven and a method of oper-
ating the same according to claims 1 and 8, respectively.
Advantageous embodiments result from dependent claims 2
to 7 and 9 to 14.

According to a first aspect of the present invention, an oven
for heating food products, comprising a chamber adapted to
receive the product via a chamber opening 1s provided. The
oven can be of any type suitable for heating products, particu-
larly food products. Heating of the products can comprise
baking, broiling, browning, roasting or thawing and the like.
The oven preferably 1s a baking oven, but can be of any other
type, for example a microwave oven.

The oven according to the invention comprises a product-
feature extracting system designed for extracting at least one
product-feature representative of a configuration of the prod-
uct. Without making a claim to be exhaustive, possible prod-
uct-features are: vertical cross section, horizontal cross sec-
tion, shape, particularly 3d-model, surface, surface area,
volume, dimensions, particularly length, width, height of the
product, center-of-gravity of the product and center-of-grav-
ity to surface distance

The product-feature extracting system comprises at least
one camera, €. g. a digital camera, designed and positioned for
recording product top-views. A product top-view shall mean
any view of the product, e. g. a two-dimensional picture of the
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product, showing at least a part of the upper side of the
product. Here, the upper side of the product shall mean a side
of the product facing upwards 1n a position occupied 1n the
course of being heated within the chamber.

The term “product top-view” shall not preclude sections or
clements of an object inserted along with the product into the
chamber being part of the view. Such an object can be a tray,
for example, carrying the product. Other objects are conceiv-
able, for example temperature sensors attached to or put into
the product. In order to ease differentiation between product
and object within a view, special marks, colors or color codes
can be provided with the object for example.

The product-feature extracting system further comprises at
least one contour-level unit designed and positioned for
extracting or highlighting contour-levels of at least a section
ol the product and, as the case may be, an object intended for
isertion along with the product into the chamber.

Further, the product-feature extracting system comprises a
product-feature extracting unit for extracting the at least one
product-feature on the basis of the top-views and contour-
levels.

It shall be mentioned, that the invention 1s not restricted to
one single product and one single object. Of course, the
invention also applies to more than one product and more than
one object, respectively.

The provision and uftilization of product top-views and
contour-levels makes 1t possible to extract the product feature
or product features more accurately. More accurate product
features, such as shape, volume and the like, are the basis for
conducting automated heating processes more accurately. In
particular, automated heating processes can be conducted
with minimal or even without any user interaction.

A mounting position of at least one of the at least one
camera and the at least one contour-level unit preferably 1s
such that high quality and accurate views and contour-levels
can be obtained for a wide range of product types, product
shapes and product locations within the chamber. Preferred
mounting positions are: upper part of the opening, preferably
at the entrance site, above a door for closing and releasing the
opening, upper part of the chamber, preferably halfway the
depth of the chamber. Mounting positions outside the cham-
ber, €. g. at the entrance site, or above the door have the
advantage of greatly avoiding disturbing and harmful mflu-
ences arising from high temperatures and temperature varia-
tions, dirt that could probably stain the camera lens, humidity
and infrared radiation reflected by the product, object or
chamber walls.

Particularly mounting positions outside the chamber, open
the possibility to obtain the product top-views and contour-
levels 1n the course of inserting the product and object into the
chamber. A mounting position at an upper part of the cham-
ber, about halfway the depth of the chamber, opens the pos-
sibility of acquiring additional product top-views and con-
tour-levels 1 the course of heating the product. Such
additional product top-views and contour-levels may be used
to further optimize automated heating of the product. For
example, the respective status of browning, or shape varia-
tions of the product can be extracted and monitored during
heating. Such and other parameters are often indicative of the
stage of the heating process.

The contour-level unit can comprise at least one of a dis-
tance sensor designed for measuring distances between the
sensor and upper surface levels of the product and the object,
respectively, and a light emitting device, preferably a laser,
more preferably a line laser, positioned and designed for
highlighting a contour of the product and object, respectively,
by respectively projecting a beam of light, preferably a laser
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line, preterably at a predefined angle, onto the product and
object. The beam of light may comprise at least one of at least
one ray, at least one fan-shaped beam of light and at least one
cone-shaped beam of light. Thereby it 1s possible to highlight
single point contour-levels, one or several contour-level slices
or one or several contour-level spots. Note, that aperture
angles of the beam of light, as far as relevant, may be used for
calculating contours of height levels of the product and
object, respectively.

Comparatively robust and reliable distance sensors, such
as infrared or ultrasonic distance sensors can be used for
measuring the distances between the product and the sensor.
The distances can be measured 1n the course of inserting the
product 1nto the oven. Such distances are representative of
contour-levels of the product and can be correlated with the
top-view or with several top-views to calculate a product-
teature, as for example a cross-sectional contour, the volume,
a shape of the product or height levels of the product.

As mentioned above, not only distance sensors, but also
light emitting devices or even distance sensors together with
light emitting devices can be used 1n concert with one or more
cameras to extract product features. The light emitting device,
laser and line laser, respectively, can be used to project a beam
of light or laser line onto the product and object, respectively,
thereby highlighting contour-levels of at least a section of the
product or object. By using light emitting devices emitting a
green or red beam of light, for example, the highlighted
contour-levels or even a section of the product contour can be
extracted from the product top-view using image processing
methods, for example.

Highlighted contour levels can be identified within the
product top-views on the basis of special or characteristic
colors or gray scales of the beam of light or laser line, respec-
tively. Similarly, contour-levels obtained by using a light
emitting device and product top-views can be combined to
calculate at least one product-feature. A plurality of product
top-views containing highlighted contour-levels can be
recorded 1n the course of inserting the product into the cham-
ber, which product views can be combined to accurately
calculate the required product-feature. It shall be mentioned,
that triangulation can be used to calculate contour-levels, 1
for example the starting point and wrradiation angle of the
beam of light, or laser line, respectively, 1s known. However,
other methods can be used as well.

Automated heating of the product can conducted more
accurately, 11 an 1mitial temperature of the product, 1. €. a
temperature of the product prior to heating, 1s known. The
initial temperature may for example be used to select a pre-
defined heating protocol from a list of given heating proto-
cols.

The mitial temperature and the product-feature “surface
area”, for example, can be used for estimating, calculating or
predicting energy consumption of the product during heating.

Further, the 1nitial temperature or temperature distribution
can be used to classily the product as frozen, chilled or non-
frozen, for example.

Therelore 1t 1s of advantage, 11 the oven further comprises
at least one temperature sensor adapted to measure at least
one of an 1nitial temperature and 1nitial temperature distribu-
tion of the product. The term “imtial temperature” shall mean
the temperature prior to heating. Such a temperature sensor
may be of infrared type. Note, that automatic heating can be
turther refined by using temperature values measured during
heating.

In order to reduce impacts arising from heating the product,
particularly in the case of baking ovens reaching chamber
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temperatures of 200° C. and more, 1t can be of advantage, 1T
the temperature sensor 1s mounted outside the chamber.

However, robust temperature sensors can be used and
mounted within the chamber or a wall thereof. Such positions
make 1t possible to trace the product temperature during heat-
ing, which can be used to optimize automated heating, as
already mentioned above.

Particularly in connection with baking ovens, it has turned
out, that sensors mounted outside the chamber at an upper site
or above the opening make it possible to measure the 1nitial
temperature or other parameters in nearly any circumstances
and for nearly any product types. This 1s due to the fact, that
the top side of a product rarely 1s hidden or covered during
insertion and therefore 1s nearly always accessible to respec-
tive measurements. However, any other suitable mounting
positions are possible.

Depending on the position of the temperature sensor, the
initial temperature or temperature distribution can be mea-
sured at least one of prior to, 1n the course of and after
insertion of the product into the chamber. It 1s of advantage, 1f
the time point of 1nitial temperature measurement 1s close to
a starting point of the heating procedure.

A further important parameter in connection with auto-
mated heating 1s the product weight. Therefore it 15 of advan-
tage 1f the oven further comprises at least one weight sensor
for at least one of measuring and determiming the weight of
the product and object, respectively.

I1 the weight of the object, for example a tray, 1s known, the
net weight ol the product can be calculated. The weight can be
used to calculate the density of the product i1 the product-
feature “volume” of the product 1s known or calculated
betorehand.

The weight sensor also can be used to determine a time
course development of the product weight during heating.
The time course of the product weight can be used for further
relining automated heating.

It shall be mentioned, that 1t 1s also possible that the oven
has a function of inputting the weight by a user.

The oven according to invention makes 1t possible to
implement reliable and precise methods of operating the oven
in an automated manner. A method of operating the oven 1s
provided 1n a second aspect of the invention.

The method comprises the following steps:

a) extracting a product-feature of the product intended to be
heated 1n the chamber, by

recording at least one product top-view via the at least one

camera;

at least one of extracting or highlighting contour-levels of

at least a section of the product and, as the case may be,
an object intended for mnsertion along with the product
into the chamber, by using at least one contour-level
unit; and

extracting the at least one product-feature on the basis of

the top-views and contour-levels and
b) based on at least one product-feature, and optional second-
ary data representative of a physical configuration of the
product, preferably at least one of product temperature,
product weight and product density, automatically control-
ling or conducting heating of the product.

Reference 1s made to the explanations 1n connection with
the first aspect of the invention. Hence the method according
to the second aspect provides the possibility of conducting
automated heating of the product 1n a particularly precise,
accurate and reliable manner.

Product top-views, contour-lines, product-features, sec-
ondary data and the like can be obtained as mentioned further
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above. Hence reference 1s made to respective explanations 1n
connection with the first aspect of the mvention.

For extracting certain product-features 1t may be of advan-
tage, 1f at least a section of the product is registered within a
two-dimensional product top-view, preferably recorded at a
time the product is completely 1n a field of view of the camera.
Such registration may be usetul to identily the product in the
respective view. Registration results may be used to calculate
edges, borders or circumierential lines of the product. Addi-
tional data retrieved from registration, 1. €. registered product
data such as a length or diameter of the product, can be used
for calculating a certain product feature.

In the case that contour-levels of only a portion of the
product and object, respectively, are available, additional
contour-levels can be approximated on the basis of available
contour-levels. The additional contour-levels facilitate prod-
uct-feature extraction.

The situation of a limited number of contour-levels may
arise from limited field of views and detection ranges, which,
by the way, may be intentional. Further, unfavourable product
positions also may lead to a limited number of contour-levels.

Similarly, 11 only a section of the product can be registered
in the product top-views, reconstruction of the whole product
can be based on at least one of presumptions related to prod-
uct shape, as for example symmetry, contour-levels and fur-
ther approximated contour levels. In addition, registration
data of only a section of the product can be compared to
product shapes or forms that are typical to respective ovens
and related methods. Here, a database of typical product
shapes can be used.

In many 1nstances, the object is a tray or plate on which the
product 1s placed and rests during heating. Contours, particu-
larly cross-sectional contours of the product, can be extracted
more easily, if a tray-level or plate-level, 1. e. a height level the
tray or plate occupies within the chamber 1s determined auto-
matically. This can be done on the basis of tray or plate
contour-levels, 1. €. contour-levels 1dentified to belong to the
tray or plate as such. This also applies to situations, 1n which
several objects are inserted in concert with the product. For
example, the product can be positioned on or 1n a plate, cup or
baking tin which 1n turn can be placed on a tray. A priori
knowledge of the respective object or objects, such as weight,
height, height-level and the like can be used for product-
feature extraction. It shall be mentioned, that the tray-level
usually 1s limited to a given number of possible tray-levels.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention will be described 1n further detail with ret-
erence to the drawings, 1n which

FIG. 1 illustrates a schematic sectional side view of a
baking oven 1n a first embodiment;

FIGS. 2 to 4 illustrate schematic sectional side views at
different time points in the course of inserting a tray along
with a food product into a baking chamber of the baking oven;

FI1G. 5 1llustrates a product top-view;

FIG. 6 illustrates a diagram of distances measured by a
distance sensotr;

FIG. 7 illustrates a schematic sectional side view of a
baking oven 1n second embodiment;

FI1G. 8 illustrates a product top-view including high-lighted
contour levels:

FIG. 9 illustrates laser line projections representative of
highlighted contour-levels;

DETAILED DESCRIPTION OF THE INVENTION

It shall be noted, that like reference numbers denote like
elements, or elements that are similar or similar in function.
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The Figures are schematic and not necessarily true to scale.
The mvention will be described 1n connection with a baking
oven, which shall not be construed as limiting the scope of
invention. The function of the baking oven 1s described only
in so far as 1s necessary for understanding the invention.

FIG. 11llustrates a sectional side view of a baking oven 1 1n
a first embodiment. The baking oven 1 comprises a baking
chamber 2. The chamber 2 1s adapted to recetve a baking
product 3 positioned on a tray 4 via a chamber opening 5. The
baking oven 1 further comprises a door 6 adapted for closing
and releasing the opening 3, which 1s indicated by a double
arrow. FI1G. 1 shows the situation prior to insertion of the food
product 3.

The baking oven further comprises a digital camera 7 and
a distance sensor 8 of infrared or ultrasound type. Infrared
waves or ultrasound waves used for distance measurement are
indicated by a broken line and designated by reference num-

ber 9.

In the present case, the distance sensor 8 1s mounted at an
entrance site of the chamber opening 5, above the door 6 in a
closed position thereot. In such a position the distance sensor
8 can be shielded from heat, humidity and dust generated 1n
the course of baking the baking product 3. Consequently, the
distance sensor 8 1s not exposed to influences that may disrupt
distance measurements.

The digital camera 7 1s mounted in an upper part of the
chamber opening 5 about haltway the depth of the baking
chamber 2. Such a position has the advantage, that product
top-views can be recorded for a wide variety of baking prod-
uct positions within the baking chamber 2. Further, product
top-views can be recorded 1n the course of baking.

An operational mode of the baking oven 1 will be described
in connection with FIGS. 2 to 4 illustrating sectional side
views of the baking oven 1 at different points in time in the
course of inserting the tray 4 along with the baking product 3
into the baking chamber 2.

The distance sensor 8 can be activated to start distance
measurements via signals representative of a state of the door
6, for example. Such signals may indicate, for example, that
the door 6 1s open or 1n the closed state, and can be used to
activate and deactivate the distance sensor 8, respectively.
Other signals, such as signals of motion and contact sensors
scanning the entrance site of the baking chamber 2 for objects
to be 1nserted 1nto the baking chamber 2, can also be used. IT
such a sensor detects an object to be inserted, the distance
sensor 8 can be activated to start distance measurements.

In the present case, the distance sensor 8 1s activated upon
opening the door 6, which has already occurred with the
situation 1n FIG. 1. After activation, the distance sensor 8
continuously measures distances 1n the course of insertion of
the food product 3 and tray 4 1nto the baking chamber 2. The
distances are representative of distances between the distance
sensor 8 and a bottom 10 of the baking chamber 2, between
the distance sensor 8 and the tray 4 or between the distance
sensor 8 and the baking product 3.

In FIG. 2, a part of the tray 4, but not the baking product 3,
has already passed the distance sensor 8. Distances measured
up to this stage are representative of a tray-level, 1. e. a height
level of the tray 4 relative to the bottom 10 of the baking
chamber 2. A prion1 mnformation about possible tray-levels
may be used for tray-level determination, 1f for example
height levels of tray guides of the side walls of the baking
chamber 2 are known.

Upon further insertion of the tray 4 also the baking product
3 will pass the distance sensor 8. Distances measured 1n this
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stage, are representative of local height levels of the baking
product 3. In FIG. 3, about half of the baking product has
passed the distance sensor 8.

In FIG. 4, the tray 4 and baking product 3 are completely
inserted ito the baking chamber 2, and the baking product 3
1s 1n 1ts {inal position, ready for baking. In this stage, a product
top-view 1s recorded by the digital camera 7, which 1s 1ndi-
cated by broken lines.

FIG. 5 illustrates an exemplary product top-view 11. The
product top-view 11 1n the present case 1s a 2-dimensional
picture showing the baking product 3 and portions of the tray
3 which, related to an upper point of view, are not hidden by
the baking product 3. The contents of the product top-view 11
may vary from case to case and are dependent on the field of
view of the camera 7. The field of view, and hence the content
ol information of the product top-view 11, may be adapted to
respective requirements.

The camera 7 may be of color or monochrome type. The
product top-view 11 1s analysed using conventional image
processing methods, to register the baking product 3.
Depending on the type of camera 7, either colors or grey
scales can be used for registration of the baking product 3. As
a result of registration a border 12 between the baking product
3 and the tray 4 can be obtained. The border 12 can be
converted into coordinates, for example Cartesian x-y-coor-
dinates.

FIG. 6 1llustrates a diagram of distances d measured by the
distance sensor 8 in the course of tray insertion. The distances
d are given 1n arbitrary units (axis of ordinates) according to
their chronological succession (abscissa), denoted by refer-
ence sign n.

As can be seen from FIG. 6, the distances d can be classi-
fied 1n first distances d1 between the distance sensor 8 and the
bottom 10 of the baking chamber 2, second distances d2
between the distance sensor 8 and the tray 4 and third dis-
tances d3 between the distance sensor 8 and the baking prod-
uct 3.

In particular, the distances d are representative of contour-
levels of the baking product 3 and tray 4. A contour-level unit
(not shown), as for example a microelectronic component,
can be used to extract contour-levels from the distances d. For
example, contour-levels representing a height profile of a
cross-sectional contour of the baking product 3 can be
extracted by subtracting distance d2 representing the tray-
level from each distance d3. The tray-level can be extracted
by using the product top-view and registration data, e. g. the
border, to 1dentily sections of the tray 4 not ludden by the
baking product 3. The distances d, 1. e. the second distances
d2 can then be assigned to the respective section. Alterna-
tively, discontinuous rising or falling edges in the succession
of distances d, e. g. from bottom-level to tray-level or from
tray-level to bottom-level, can be used to identify the tray-
level. All this can be done 1n an automatic manner without the
need for user interaction.

A product-feature extracting unit (not shown), integral part
of the microelectronic component for example, can be used to
combine the baking product contour-levels with x-y-coordi-
nates of the border 12 and to calculate vectors suitable for
extracting at least one of the surface and volume of the baking
product 3. If required, further or other product-features than
the ones mentioned beforehand can be extracted.

In the present case, only contour-levels corresponding to a
single cross section of the baking product 3 are extracted. In
order to calculate the surface and volume from the contour-
levels 1t 1s presumed that baking product 3 1s of symmetric
shape. In order to extract the product-features more accu-
rately, 1t 1s possible to compare the baking-product 3 to a
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database of conventional product shapes, based on the prod-
uct top-view and available contour-levels. Alternatively, 1t 1s
possible to provide a user interface for inputting product
shape information suitable for extracting the product-feature
in more detail. Further, 1t 1s possible to use several distance
sensors 8 1n order to extract contour-levels corresponding to
different cross sectional contours or slices of the baking prod-
uct. Likewise, several cameras can be used. By using more
than one distance sensor 8 and camera 7, respectively, 1t 1s
possible to handle non-symmetric product shapes and even
cases, 1n which several baking products 3 are positioned on
the tray 4.

It shall be mentioned, that additional contour-levels can be
approximated from contour-levels extracted as mentioned
above, for example by 1nterpolation or extrapolation.

Based on the extracted product-features, 1t 1s possible to
control baking of the baking product 4 in an automatic man-
ner. Surface and volume are decisive for heat consumption
during baking. Hence, using at least the aforementioned prod-
uct-features gives rise to precise and enhanced automated
baking processes.

Generally, a baking protocol selectable from a predefined
list of common baking routines can serve as a basis for the
automated baking process. Such a baking protocol may be
selected on the basis of a product-feature or other configura-
tion of the baking product 3.

For further enhancing automated baking, 1t 1s possible to
make use of secondary data representative of a physical con-
figuration of the baking product 3. Secondary data such as
product temperature, particularly initial product temperature,
product weight and product density can be used. For deter-
mining the product temperature and product weight, further
sensors such as temperature sensors and weight sensors,
respectively, can be used. A temperature sensor may for
example be used to determine the baking-product configura-
tion such as frozen, chilled, fresh or thawn and the like.

It shall be mentioned, that 1t 1s also possible to arrange the
distance sensor 8 remote from the entrance site of the baking
chamber 2. The temperature senor 8 can be arranged 1n the
vicinity or besides the camera 7. In this case, distances d of
only a section of the baking product 3 can be measured. If for
example distances d of only one half of the baking product 3
can be measured, product-features can be extracted on the
assumption of symmetrical height of the baking product 3.
Note that there 1s the possibility to refine such general pre-
sumptions using information retrieved from product top-
VIEWS.

However, with the alorementioned situation, 1. €. position-
ing the distance sensor 8 besides the camera 7, 1t 1s more
involved to correlate measured distances d with the baking
product 3.

This may be due to the fact that distance measurement may
continue while the tray 4 and baking product 3 have reached
their final position within the baking chamber 2. Therefore 1t
1s required to obtain the distance d measured at the end-point
ol 1nsertion.

In order to obtain the distance d at the end-point, a sensor
for generating a signal representative of an end-point of inser-
tion could be used. This signal can be used either to stop
distance measurements or to label the distance d measured at
the end-point.

Alternatively, the distance d at the end-point can be deter-
mined numerically.

Presumed, the speed of 1nsertion 1s more or less constant,
which for most cases indeed applies, the distance d at the
end-point can be calculated, at least 1n good approximation,
as follows:
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Distance values belonging to the section of the tray 4,
which 1s close to the back wall of the baking chamber 2, not
covered by the baking product 3 and which section has passed
the distance sensor 8 1n the course of 1nsertion can be deter-
mined. This can be done by using the result of automatic
tray-level recognition and registration of the food product 3,
in that distances d along linear tray section path between an
initial tray-level distance and the border 12 of the baking
product 3 are determined and assigned to the mentioned sec-
tion of the tray 4. The mentioned section of the tray 4 can also
be 1dentified 1 a digital product top-view by registration
methods, for example.

After 1dentifying this section or tray section path and
related distances, the number of pixels of the section along the
tray section path can be determined. Note that the path along
which distance measurements are conducted can be deter-
mined by using a-prior1 information about the relative dis-
tance between camera 7 and distance sensor 8 and their
respective product specifications, as for example field of view
of the camera 7 and position of a sensor head of the distance
sensor 8.

Knowing the number of pixels and distances d correspond-
ing to the tray section path, the ratio: number of distances per
pixel can be calculated for the tray section path. As the nser-
tion speed 1s assumed to be constant, the calculated ratio shall
also apply to the baking product 3 and related distances.

After extracting the number of baking product pixels
belonging to a baking product path immediately succeeding
the tray section path, which can be done by using the regis-
tered border 12 and the pixel position of the distance sensor 8
or distance sensor head, the effective number of distances d
belonging to the baking product path can be calculated and
redundant distances can be discarded, leaving only relevant
distances. Using the product top-view and all relevant dis-
tances, product features such as surface of volume can be
extracted. Note, that under the assumption that the baking
product 1s symmetric, the relevant distances can be mirrored,
for example, or generally speaking assigned to respective
symmetric locations.

FIG. 7 illustrates a schematic sectional side view of a
baking oven 1n a second embodiment. The following descrip-
tion 1s restricted to differences compared to the first embodi-
ment. As far as applicable, all features mentioned 1n connec-
tion with the first embodiment shall apply to the second
embodiment as well.

In the second embodiment, a line laser 13 1s used 1nstead of
the distance sensor. Note, that more than one line laser 13 or
a combination of line laser/s 13 and distance sensor/s 8 1s also
possible, which a skilled person shall be able to implement,
based on preceding and following explanations.

The line laser 13 1s positioned at the upper side of the
chamber opening 5 and preferably inclined by a predefined
angle. The camera 7 also 1s positioned at the upper side of the
chamber opening 5, near the line laser 13.

During insertion, the line laser 13 emits a green, fan-shaped
laser line 14 while the camera 7 continuously records product
top-views 11. Note that the laser line 14 may be of any other
suitable color. In the present case, the camera 7 1s of color
type.

The laser line 14 strikes the baking product 3 and thereby
highlights contour-levels of the baking product 3. This 1s
illustrated 1n FIG. 8. Note that only for the sake of simplicity
of illustration, the baking product 3 is chosen to be of square
shape.

FIG. 8 illustrates a product top-view including contour
levels highlighted by the laser line 14. The green color of the
laser line 14 1s distinguishable from most baking products 3
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and colors used for trays 4 and inner walls of baking chambers
2. Therefore, laser line projections representative of high-

lighted contour levels can be extracted 1n each of the product
top-views 11. Due to the inclination of the line laser 13, the
laser line projections are staggered 1n the product top-views.
Note that the field of view of the camera 7 at the bottom 10 of
the baking chamber 2 1s indicated by a broken-dotted line, and
denoted by reference number 15.

FIG. 9 illustrates the laser line projections of FIG. 8 after
extraction from the respective product top-view 11. The origi-
nal size of the recorded product top-view 11 1s indicated by a
frame. The laser line projections can be classified as follows:
first projections p1 representative contour levels o the bottom
10 of the baking chamber 2, second laser line projections p2
representative ol contour levels of the tray 4 and third laser
line projections p3 representative ol contour levels of the
baking product 3.

Based on the laser line projections pl, p2 and p3, the local
contour level, 1. e. the relative height of a respective location,
1. €. bottom 10, tray 4 and baking product 3, can be calculated.
Using the inclination angle, the position of the line laser 13
and the distances between respective laser line projections pl
to p3 and center line 16 of the field of view 15, respective
contour levels can be extracted by trnangulation, for example.

A product top-view containing the whole tray 4 and baking
product 3 can be used to register the baking product 3 1n order
to determine the border 12. Using the pixel resolution of the
camera 7, for example, the border 12 can be transformed into
x-y-coordinates, which coordinates can be combined with
extracted contour levels of the baking product 3, for deter-
mining surface and volume, or other product-features.

The advantage of using a line laser 13 according to the
second embodiment 1s, that all types of regular and 1rregular
product shapes and situations 1n which several equal or dif-
terent shaped baking products 3 are positioned on the tray 4
can be handled without difficulties.

The use of a linear, 1-dimensional laser line instead of the
fan-shaped laser line 14 of the second embodiment corre-
sponds to the situation of the first embodiment, and reference
1s made to the first embodiment.

As to the second embodiment, advantages related to auto-
mation of the baking process apply mutatis mutandis.

Although the invention has been described 1n connection
with a baking oven 1, the mvention can be applied to other
types ol ovens, wherein all the advantages and advantageous
clfects can be achieved as well.

From the discussion above, 1t becomes clear that the object
of the invention 1s achieved by an oven and a method as set out
in the claims.

LIST OF REFERENCE SIGNS

1 baking oven

2 baking chamber

3 baking product

4 tray

5 chamber opening
6 door

7 digital camera

8 distance sensor

9 infrared or ultrasound wave
10 bottom

11 product top-view
12 border

13 line laser

14 laser line

15 field of view
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16 center line
d distance
d1, d2, d3 first to third distances
n number

pl, p2, p3 first to third laser line projections

The mvention claimed 1s:

1. Method of operating an oven (1) for heating a food
product (3) comprising the steps of

extracting a product-feature of a product (3) intended to be

heated 1n a chamber (2) of the oven (1), by
recording at least one product top-view (11) via at least one
camera (7);

at least one of extracting or highlighting, 1n the course of
iserting the product (3) into the chamber, contour- lev-
els of at least a section of the product (3) and, an object
(4) intended for insertion along with the product (3) into
the chamber (2) , by using at least one contour-level unit;
and

extracting the at least one product-feature on the basis of

the top-views (11) and contour-levels and

based on the at least one product-feature automatically

controlling or conducting heating of the product (3).

2. Method according to claim 1, wherein at least a section
of the product (3) 1s registered within a two-dimensional
product top-view (11), and wherein the extraction of at least
one product-feature 1s further based on registered product
data.

3. Method according to claim 1, wherein the step of extract-
ing contour-levels comprises measuring distances (d, d1, d2,
d3) between at least one distance sensor (8) and upper surface
levels of the product (3) and the object (4), respectively, by
means of the at least one distance sensor (8).

4. Method according to claim 1, wherein the step of high-
lighting contour-levels comprises highlighting a contour of
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the product (3) and object (4), respectively, by respectively
projecting at least one beam of light onto the product (3) and
object (4), respectively.

5. Method according to claim 1, further comprising the step
of using the contour-levels to generate approximated further
contour-levels for enhanced product-feature extraction.

6. Method according to claim 1, wherein the object 1s a tray
(4) for placing the product (3) thereon, and wherein a tray-
level 1s automatically determined on the basis of tray contour-
levels.

7. Method according to claam 1 , wherein the product-
feature 1s selected from the group consisting of: vertical cross
section, horizontal cross section, shape, surface, surface area,
volume, dimension, center-of-gravity of the product (3) and
center-ol-gravity to surface distance.

8. The method of claim 1, wherein the heating of the
product (3) 1s further automatically controlled or conducted
based on secondary data representative of a physical configu-
ration of the product (3), said secondary data including at
least one of product temperature, product weight and product
density.

9. The method of claim 2, wherein the registered product
data includes at least one of edges, borders (12) and circum-
ferential lines of the product (3).

10. The method of claim 3, wherein the distance sensor 1s
located at an opening of the chamber for inserting the product
into the chamber.

11. The method of claim 4, wherein the at least one beam of
light comprises a laser line (14) projected onto the product at
a predefined angle.

12. The method of claim 5, wherein the further contour-
levels are approximated using at least one of extrapolation
and interpolation.
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